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ABSTRACT. Mangosteen is a genetic resource scattered and cultivated by farmers in Bengkulu Province. The study aimed at 
determining the morphological variability of mangosteen. The study was conducted from March to October 2015 in Bengkulu 
province using on-site supervision and observation methods. The number of plants observed was 34 genotypes and qualitatively 
and quantitatively characterized based on the Center for Plant Variety Protection and Agriculture Licensing (CPVPAL) guide. The 
data of morphology were analyzed by comparing the average value, variance, and standard deviation. Relationship or data grouping 
phenotypic characters appearance were identified using NTSYS software version 2.1. The results show wide variability in the density 
of leaf, flower size, and fruit weight, while narrow variability is occurred in plant height and the thickness of the rind. Data analysis 
of mangosteen genotypes generated similarity coefficients range from 0.71 to 0.91 (71-91%). Genotype 24 and 27 have the closest 
relationship, with the similarity coefficient of 91%.
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ABSTRAK. Manggis merupakan sumber daya genetik yang tersebar dan dibudidayakan oleh petani di Provinsi Bengkulu. Penelitian 
bertujuan untuk mengetahui variabilitas fenotipik buah manggis. Penelitian dilaksanakan pada bulan Maret sampai Oktober 2015 
di Provinsi Bengkulu dengan menggunakan metode observasi langsung morfologi tanaman manggis yang telah berbuah. Jumlah 
tanaman yang diamati sebanyak 34 genotipe dan masing-masing genotipe diamati karakterisasi kualitatif dan kuantitatif berdasarkan 
panduan Pusat Perlindungan Varietas Tanaman dan Perizinan Pertanian (PPVTPP). Analisis data melalui perbandingan varian 
fenotipik dengan standar deviasi varian fenotipe diukur dengan nilai rata-rata, varians, dan standar deviasi. Kekerabatan atau 
pengelompokan data penampilan karakter fenotipik dilakukan dengan menggunakan software NTSys versi 2.1. Hasil penelitian 
menunjukkan bahwa variabilitas luas terdapat pada kerapatan daun, ukuran bunga, dan bobot buah, sedangkan variabilitas sempit 
pada karakter tinggi tanaman dan  ketebalan kulit buah. Analisis genotipe manggis menghasilkan koefisien kemiripan sebesar 0,71-
0,91 (71-91%). Dari dendogram diperoleh genotipe yang memiliki tingkat kekerabatan yang tinggi terdapat pada genotipe 24 dan 
27 dengan nilai kemiripan sebesar 91%.
Kata kunci: Manggis; Morfologi; Variabilitas; Karakter; Fenotipe
Mangosteen (Garcinia mangostana) is one of 
tropical fruits found in Bengkulu Province, spread 
throughout the region, both in lowland and highland 
areas with various topographies. Growing in various 
topography is an indication that mangosteen in this area 
has high genetic resources with different phenotype 
appearances. However, this difference has not been 
identified clearly so it needs to be further characterized. 
Plant identification could be carried out by examining 
its morphological characters that aimed at identifying 
their similarities or differences. 
Mangosteen is a famous tropical fruit also well 
known as “queen of fruits”. Mangosteen is a native 
crop of East India and Southeast Asia (Campbell 
1966; Almeyda & Martin 1976;Yapwattanaphun 
& Subhadrabandhu 2004). Its taste is a mixture of 
pineapple, apricot, and orange with a smooth texture 
similar to ice cream (Yuniastuti 2010). Mangosteen 
is not only famous for its fruit taste but also well 
known as a medicinal plant. Mangosteen extract has 
an anti-inflammatory effect that could be used for 
skin infections and wounds. Dried mangosteen rind 
has been used to treat inflammation, diarrhea, and 
dysentery in native medicinal practice in Thailand 
(Yapwattanaphun et al. 2002). 
Mangosteen tree height can reach 12 m, hardwood, 
rough skin, and has many branches (Napsiyah, Fitmawati 
& Sofiyanti 2017). According to Sobir et al. (2011), can 
grow from low land to high land, but Garcinia spp grows 
inland <1.000 m ASL, meanwhile other Garcinia such 
as G. morella, G. picrorhiza, G. memecyloides, and G. 
hunsteniigrow can grow in the areas with elevation > 
2,000 m ASL. 
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Mangosteen is obligate apomixis, unlike other 
tropical fruits that propagate through facultative 
apomict (Makful, Poernomo & Sunyoto 2010). 
Apomixis is the only propagation for mangosteen 
since it has infertile pollen (Makful, Poernomo & 
Sunyoto 2010; Sutthinon, Samuels & Meesawat 
2018). Mangosteen progenies produced by apomixis 
propagation are expected to have the same genotypes to 
their mother plant with no or very low morphological 
character variability. Hence it is considered a single 
clone (Abdullah, Richard & Wolff 2012), although 
this theory is based on limited samples and population 
(Mansyah et al. 2010). However, another study in some 
countries of Southeast Asia shows that the mangosteen 
population has shown phenotypic variations (Sobir 
et al. 2011). Further study using genome sequencing 
has also shown genotypic variations in mangosteen 
(Mansyah et al. 2010; Sobir et al. 2011). These studies 
suggest that three are both phenotypic and genotypic 
variabilities in mangosteen, and it is not a single clone. 
Some studies suggest that mangosteen is native to 
Indonesia. Initially, it is found in Moluccas (eastern 
Indonesia) (Prance, Westtphal & Jansen 1990). 
Eventually. mangosteen has been distributed along 
major islands in Indonesia and has been intensively 
cultivated in some regions (Campbell 1966; Napsiyah, 
Fitmawati & Sofiyanti 2017; Nidyasari et al. 2018). The 
first recorded mangosteen cultivation in Queensland, 
Australia is originated on seeds from Java (Widiastuti, 
Sobir & Suhartanto 1970). According to Santoso, 
Mansyah & Pancoro (2019), mangosteen dispersion in 
Java is an introduction of centuries ago from Sumatra, 
in which mangosteen progenitor G. malaccensis has 
been found in northern and southern Sumatra.
Characterization is also needed to obtain data 
sources for kinship analysis (Sobir et al. 2011). 
Phenotype differences of plants are affected by 
genotype, environment, and interactions between 
them (Syah et al. 2007). Information about phenotype 
appearance in mangosteen could be used as a source 
of data to fulfil market demands and provide valuable 
ideas for further crop development (Yapwattanaphun 
& Subhadrabandhu 2004). The pattern of the kinship 
of genotype showed by dendrogram could be used for 
improving plant properties and planning for further 
development of mangosteen plants. 
Increasing facts about of mangosteen variabilities 
have suggested the importance of conserving its 
existence for further study. It is essential to collect 
and conserve morphological variation of mangosteen 
to breed and produce improved mangosteen varieties. 
This study proposes a hypothesis that there are 
morphological variabilities within mangosteen 
population in the mangosteen producer areas of 
Bengkulu Province. The objective of this study is to 
identify and characterize the variance of mangosteen 
plants in Bengkulu Province.
MATERIAL AND METHODS
Research Times and Place
The study was conducted from March to October 
2015 in Bengkulu Province. 
Research Methodes
Data were collected by using observation and on-
site exploration methods.  Every genotype found were 
identified for their morphological characteristic. The 
sample collected were 34 genotypes of  mangosteen 
trees that have fruited. Identification guide from the 
Center for Plant Variety Protection and Agriculture 
Licensing (CPVPAL) was used.  Both quantitative and 
qualitative morphological characters were observed 
and measured. Qualitative characters consisted 
of crown shape, trunk surface, branching density, 
branching pattern, young leaf color, mature leaf 
color, arrangement of leaves, leaf  shape, leaf apex 
shape, leaf base shape, leaf margin shape, leaf upper 
surface, leaf lower  surface, flower clustering habit, 
sepal color, petal color, position of flowers, fruit bunch 
pattern, fruits shape, stigma lobe thickness, blotches 
surrounding stigma lobe, color of stigma lobe, fruits 
color, aril texture, aril flavor, taste aril, seed shape, 
and seed color.
Pheno type  va r i ance  was  measu red  by 













σ2f = Phenotype variance 
xi
2 = Average value ith genotype
n = Total number of tested genotypes






If     σ2f, ≥ 2x σ
2
f Varian of phenotype wide 
If    σ2f, < 2x σ
2
f  Varian of phenotype tight 
Multivariate analysis of kinship was analyzed 
using NTSYS (Numerical Taxonomy and Multivariate 
Analysis System version 2.10 
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Table 1.  Location of mangosteen exploration in Bengkulu Province year 2015 (Lokasi eksplorasi manggis 
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M30 Selebar Pagar Dewa ‘0200048;9580610
6 M34 Kepahiang Kepahiang Irigasi Permu 400-800 ‘0233730;9545919










General Description of Exploration Area 
Bengkulu province is located between latitudes 
2°16’S to 3°31’S and between longitudes 101°01’E 
to 103°41’E. It has 525 km coastline on the western 
side and hills and highlands up to 1,162 m above sea 
level (Berame et al. 2020). According to Oldeman 
climate, Bengkulu province is dominated by A1 zone 
characterized by high rainfall across the year. Based 
on time series climate data (2003-2013), Bengkulu 
Province could be classified as zona A (Q = 0.1), 
very wet according to Schmidt Ferguson climate 
classification (Noorrohmah, Sobir & Efendi 2015). 
Rainfall is 2618-3981 mm/year, temperature is 26.37-
33oC, and humidity is 81.67- 85.33% (BMKG 2014). 
This climatic condition is suitable for mangosteen. 
According to Muchtaridi et al. (2019), mangosteen 
grows slowly  if temperature is <20oC with maximum 
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Picture 1.  Branches pattern (a) Irregular left), (b) semi-erect, and (c) horizontal (right) [Pola percabangan 
(a) tak beraturan (kiri), (b) semi tegak, dan (c) horizontal (kanan)]
  (a)     (b)              (c)
temperature of 38-40oC and rainfall needed between 
1,500-2,500 mm/year.
Survey results indicate that the 34 mangosteen 
collected samples grow from low land (20 m above sea 
level - ASL) to high land areas, (932 m ASL) (Table 1). 
Mangosteen grows scattered in the yard, polyculture 
plantation, and unintentionally cultivated in the forest. 
Qualitative Morphological Characters
Field observations show that the mangosteen tree 
has rough tree skin with canopy shapes such as oblong, 
pyramidal, spherical, and elliptic. Branches pattern are 
horizontal (64%), semi-erect (32.35%), dan irregular 
(2.94%) as showed in Picture 1.
The variation of mangosteen plant morphology is 
an expression of genetic and environmental diversity. 
Branch density is influenced by plant age. The older 
the trees, the higher the branch density (Yuniastuti 
2010). The variations in shapes are affected by 
lighting mangosteen trees planted in mixed, but stand 
taller than other trees will have well-arranged lateral 
branches and retain their pyramidal shape (Napsiyah, 
Fitmawati & Sofiyanti 2017). Mangosteen trees planted 
in open field will grow tall,  be more sustained with 
Picture 2. Leaflet pattern opposite (Susunan daun opposite)
Picture 3. Leaf shape elliptic (left) and obovate (right) [Bentuk daun elliptic (kiri) dan obovate (kanan)]
25
Miswarti et al.: Morphological Variability of Mangosteen in Bengkulu Province ...
Table 2.  Branches pattern and leaf morphological characters of Bengkulu’s mangosteen  (Pola cabang dan 





















M1 Horizontal medium Elliptic Opposite Light red brick Acuminate Rounded
M2 Horizontal Rarely Elliptic Opposite Light red brick Acuminate Rounded
M3 Horizontal Density Elliptic Opposite Light red brick Acuminate Rounded
M4 Semi erect Medium Elliptic Opposite Light green Obtuse Shortly attenuate
M5 Semi erect Rarely Elliptic Opposite Light red brick Obtuse Rounded
M6 Semi erect Density Elliptic Opposite Light red brick Acuminate Rounded
M7 Semi erect Medium Elliptic Opposite Light green Acuminate Rounded
M8 Horizontal Rarely Elliptic Opposite Light green Acuminate Shortly attenuate












M12 Horizontal Rarely Elliptic Opposite - Acuminate Oblique
M13 Horizontal Rarely Elliptic Opposite Light red brick Acuminate cuneate
M14 Horizontal Rarely Elliptic Opposite Light red brick Acuminate Shortly attenuate
M15 Horizontal Rarely Elliptic Opposite - Acuminate Shortly attenuate
M16 Horizontal Medium Elliptic Opposite Light brown Acuminate Shortly attenuate
M17 Irregular Medium Elliptic Opposite Reddish brown Acuminate Shortly attenuate
M18 Irregular Density Elliptic Opposite Light green Acuminate Shortly attenuate
M19 Irregular Rarely Elliptic Opposite - Acuminate Rounded
M20 Irregular Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M21 Irregular Medium Elliptic Opposite Light red brick Obtuse Rounded
M22 Semi erect Medium Oblong Opposite Light red brick Acuminate Shortly attenuate
M23 Semi erect Rarely Elliptic Opposite - Acuminate Shortly attenuate
M24 Semi erect Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M25 Horizontal Medium Elliptic Opposite Light green Acuminate Shortly attenuate
M26 Horizontal Rarely Elliptic Opposite Light red brick Acuminate Shortly attenuate
M27 Semi erect Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M28 Horizontal Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M29 - - Elliptic Opposite - Acuminate Rounded
M30 Semi erect Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M31 Horizontal Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M32 Horizontal Rarely Elliptic Opposite Light green Acuminate Shortly attenuate
M33 Semi erect Rarely Elliptic Opposite Light green Acuminate Rounded
M34 Horizontal Density Elliptic Opposite - Acuminate Shortly attenuate
pairs of lateral branches located close together. The 
study shows that the mangosteen leaf is incomplete 
because it has a petiole and leaf opposite a flat margin 
pattern (Picture 2). The upper leaf has a different color 
as compared to the lower leaf. The upper leaf has shiny 
green meanwhile the lower leaf has a green color 
(Picture 3). The observed branches pattern and shape 
of the mangosteen leaf are elliptic and obovate (Table 
2). The mangosteen leaves are varied in shape, namely 
inverted, oval, lanceolate (Nidyasari et al. 2018). 
Variations in leaf size and shape are influenced by many 
factors, such as lightning (Sandra, Marcelo & Fernando 
1998; Cheng et al. 2016; Pérez-Harguindeguy et al. 
2016), temperature (Adams, Cockshull & Cave 2001), 
nutrition availability (Jones 1995; Royer et al. 2008), 
relative humidity (de Camargo 2010), and rainfall 
(Ramos & Martínez-Casasnovas 2014).
Mangosteen is an asexual reproduction plant that 
supposed to produce uniform shape and size, but field 
observations show the opposite.
According to CPVPAL, mangosteen leaf can be 
divided into four types: ovate, acuminate, retuse, and 
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Picture 4.  Morphology of leaf end: acuminate (top left), obtuse (top right), Leaf shape: rounded (middle 
left), oblique (center right), cuneate (bottom left), dan shortly attenuate (bottom right) [Morfologi 
bentuk ujung daun : acuminate (kiri atas), obtuse (kanan atas),  bentuk pangkal daun : rounded 
(kiri tengah), oblique (kanan tanan tengah), cuneate (kiri bawah), dan shortly attenuate (kanan 
bawah)]
Picture 5.  Leaf color morphology: red brick (left), reddish- brown (right) [Morfologi warna daun : merah 
bata (kiri), cokelat kemerahan (kanan)]
Picture 6.  Fruit compound pattern: one fruits/compound (left), one, two, three fruits/compound [Bentuk 
pola tandan buah : pola satu (kiri) dan pola satu, dua, tiga (kanan)]
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Fruit bunch pattern 
(Pola tandan buah)






Fruit weight  
(Bobot buah), g
M1 One Green Purple Flat 85.00
M2 One Green Dark purple Flat 73.30
M3 One Green Dark purple Flat 93.75
M4 One, two, three Green Dark purple Flat 53,33
M5 One Green Dark purple Flat 80.00
M6 One Green Dark purple Flat 82.50
M7 One Green Dark purple Flat 44.44
M8 One, two, three Green Dark purple Round 124.00
M9 One Green Dark purple Round 111.67
M10 One Green Dark purple Round 66.67
M11 One Green Dark purple Round 107.67
M12 One Green Dark purple Round 138.75
M13 One Green Dark purple Round 140.00
M14 One Green Dark purple Round 96.00
M15 One Green Dark purple Round 79.00
M16 One Green Dark purple Round 129.00
M17 One Green Purple Round 120.00
M18 One Green Dark purple Flat 75.00
M19 One, two, three Green Dark purple Flat 76.67
M20 One Green Dark purple Round 137.5
M21 One Green Dark purple Round 123.33
M22 One, two, three Green Dark purple Flat 112.50
M23 One Green Dark purple Round 112.00
M24 One Green Dark purple Round 105.56
M25 One Green Dark purple Round 157.14
M26 One Green Purple Round 130.45
M27 One Green Dark purple Round 98.33
M28 One Green Purple Round 69.00
M29 One Green Purple Flat 61
M30 One Green Dark purple Flat 78
M31 One Green Purple Flat 105.33
M32 One Green Purple Flat 55.00
M33 One Green Dark purple Flat 53.00
M34 One Green Dark purple Flat 136.50
Picture 7.  Mangosteen fruits shape: flattened (left) dan spherical (right) [Bentuk buah manggis : gepeng 
(kiri) dan bulat (kanan)]
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obtuse. Results show that the leaf acumina of tree 
collected sample is acuminate (91.18% and obtuse 
(8.82%). Meanwhile, the leaf shapes are oblique 
(2.94%), rounded (29.41%), cuneate (2.94%), and 
shortly attenuate (64.70%) with bud color of red bricks 
and red-brown (Picture 4 and 5).
Observation of fruits pattern (Table 3) showed 
that in general, mangosteen has one fruit compound 
(88.23%), but there are four trees that have three fruits 
(5.88%) (Picture 6). This fruit pattern is rare and needs 
to be conserved.
Observed mangosteen fruits have green fruit stalks. 
There are two types of fruit shape, i.e. spherical and 
flattened (Picture 7) that are in line with findings in 
some previous studies (Mansyah et al. 2010; Sobir et 
al. 2011; Muchtaridi et al. 2019). Fruits found in Pal 
8 is quite unique, when they are still young, they have 
yellow skin and nipple shaped and when it is ripe, the 
shape became spherical. 
There is not much information of what causes the 
variability, but some literatures report on environmental 
factors, such as soil fertility, weather and climate 
(Sobir et al. 2011). The study finds that fruit bowls 
are generally brown. It is also found that there are 
two kinds of spots around the bowls, small and big. 
According to Yapwattanaphun et al. (2002), scab on 
fruit skin is caused by friction with a branch or other 
fruits. Fruit skin color is purple-deep purple. The color 
of aril is generally white snow with soft to medium 
texture, sweet taste, and brown spheroid-shaped seed.
Quantitative Character
Data analysis shows wide variability of phenotype in 
leaf density, flower size, and fruit weight. It is indicated 
by phenotype variance value that is larger than two 
times of standard deviation (Table 4). Meanwhile, tree 
height and fruit thickness have low phenotype variance. 
It is showed by phenotype variance value that is lower 
than two times of standard deviation. 
Leaf density has wide phenotype variance. Leaf 
density of mangosteen varies from 16 to 86 leaves as 
measured 50 cm from the outer branch. Observation 
of flower diameter varies from 2.19 to 5.70 cm, and 
fruit weight ranges from 53.00 to 157.14 g. According 
to Sobir et al. (2011), based on isoenzyme analysis the 
Table 4.   Maximum, middle value, minimum, standard deviation, and coefficient of diversity of mangosteen 
tree (Maksimum, nilai tengah, minimum, standar, deviasi, dan koefisien keragaman pohon manggis)
No Quantitative character  (Karakter kuantitatif)







2x SDT Criteria  (Kriteria)
1 Plant height (m) 8.00 3.75 1.94 3.87 Low
2 Leaf density 40.00 228.82 15.13 Wide
3 Flower size (cm) 4.30 1.65 1.28 2.57 Wide
4 Fruit skin thickness (cm) 1.03 0.02 0.13 0.26 Low





0.71 0.76 0.81 0.86 0.91






















Picture 8.  Dendrogram of morphology character 21 mangosteen genetic resources from Bengkulu 
(Dendrogram  karakter morfologi 21 sumber daya genetik manggis asal  Bengkulu)
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genetic variability of mangosteen in West Sumatra is 
still low, but phenotype variability is wide. Variability 
was caused by external factors such as sunlight, 
nutrients and humidity. Allard (1960) in (Sobir et 
al. 2011) suggests that phenotype variability of 
a population was determined by genetic factors, 
environment, and its interaction. 
Phenotypes that have low variability are plant 
height and fruit skin thickness. These are influenced 
by genotype factor that has quantitative properties. 
Many genes influence quantitative factors. Each gene 
with its quantitative properties has influences on total 
gene expression and environment (Yapwattanaphun & 
Subhadrabandhu 2004).
Genotype observations are carried out on flowering 
plants and from 34 observed genotypes, only 21 can 
be completely identified. Group analysis based on 
the Euclidian range results in a dendrogram that shows 
relationship connections based on the morphology 
character of mangosteen genetic resources (Picture 8). 
Based on dendrogram and information in Table 5, 
the grouping consists of two main groups A and B. Each 
main group has two subgroups. Genotype grouping is 
based on some similarity of morphology characters 
(close relationships). The genotypes that have highest 
ties are M24 and M27 (91%), and both genotypes grow 
in the same environment.
Morphological characters observed from 21 genetic 
resources result in similarity coefficients of 71-91%. 
Similarity coefficients of mangosteen variability 
found in previous studies are: 7-79% in Puspahiang, 
Tasikmalaya (Syah et al. 2007), 78-100% in Bengkulu 
and Bangka Belitung Province (Syah et al. 2007), 
and 41-82% in Tembilahan (Napsiyah, Fitmawati & 
Sofiyanti 2017). 
The high level of similarity or the low level of 
diversity possessed by mangosteen is due to the 
apomixis (asexual reprocessing process) of mangosteen 
seeds with similar characteristics to the parent. This 
may explain that mangosteen plants are relatively 
homogeneous, even though it does not rule out their 
diversity that most likely caused by environmental 
factors (Napsiyah, Fitmawati & Sofiyanti 2017). 
CONCLUSION AND SUGGESTION
High morphological variability of mangosteen in 
Bengkulu is occurred in leaf density, flower size, and 
fruits weight. Meanwhile, plant height and fruit skin 
thickness have low morphological variability. There 
are two groups with similarities from 0.71 to 0.91 (71-
91%). Genotypes that have very close relationships 
are genotype 24 and 27, with a similarity coefficient 
of 91%.
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Table 5.  Grouping of 21 mangosteen genetic resources from Bengkulu based on qualitative and quantitative 






Euclidian coefficient  
(Koefisien euclidean), % Sample (Sampel)
A
A1 76.3 M16, M17
A2 77 M25, M34, M18, M31, M26, M27, M24, M20, M13, M8
B B1 82.1 M22, M7B2 75.1 M5, M4, M21, M32, M6, M2, M1
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